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Abstract 

Urban public transportation systems face persistent challenges related to unpredictability, delays, and 

lack of real- time visibility for passengers. Traditional timetable-based systems often fail to provide 

accurate arrival information under dynamic traffic conditions, resulting in passenger dissatisfaction and 

inefficient transport operations. This paper presents the design and implementation of a cloud-based 

real-time public transport tracking system developed using a Java full-stack architecture. The proposed 

system enables live vehicle tracking, dynamic estimated time of arrival (ETA) prediction, real-time 

passenger notifications, and centralized route management. By leveraging RESTful services, 

WebSocket-based communication, and scalable cloud deployment, the system ensures low-latency 

updates and high availability. Experimental evaluation shows improved arrival time accuracy and 

enhanced user experience compared to static schedule-based approaches. 
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I. INTRODUCTION 

Rapid urbanization has led to a significant increase in the usage of public transportation systems. Despite 

this growth, passengers frequently experience uncertainty due to delays, traffic congestion, and lack of 

timely and accurate information. Conventional public transport systems mainly rely on fixed schedules, 

which do not adapt effectively to real-world traffic conditions. 

With advancements in cloud computing, real-time commu- nication technologies, and web-based 

platforms, it has become possible to provide continuous updates and predictive insights to commuters. 

Real-time tracking systems help improve pas- senger satisfaction, reduce waiting times, and assist 

transport authorities in managing operations more efficiently. 

This paper proposes a Real-Time Public Transport Tracking System (RPTTS) built using a Java full-

stack architecture. The system offers live vehicle location tracking, accurate ETA calculation, and real-

time notifications through a scalable and secure cloud-based infrastructure. 
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II. RELATED WORK 

Several research studies have explored GPS-based track- ing systems for public transportation. Early 

implementations mainly focused on basic vehicle location visualization with- out real-time interaction or 

predictive capabilities. Although useful, these systems lacked responsiveness and scalability. 

Recent solutions have introduced mobile applications and cloud services for real-time tracking. 

However, many rely heavily on frequent client-side polling, which increases server load and network 

traffic. In addition, some proprietary systems are costly and difficult to integrate with existing transport 

infrastructure. 

The proposed system addresses these limitations by using WebSocket-based server push mechanisms for 

real-time up- dates. This approach minimizes latency and network overhead while enabling continuous 

live tracking. The modular Java full-stack design further ensures flexibility, scalability, and cost-

effectiveness. 

 

III. SYSTEM ARCHITECTURE 

The proposed system follows a layered and modular archi- tecture. 

A. Data Acquisition Layer 

This layer is responsible for collecting vehicle location data from GPS-enabled devices or simulated 

data sources. Each vehicle periodically sends latitude, longitude, speed, and timestamp information to 

the backend server. 

B. Backend Services Layer 

The backend is implemented using Spring Boot and exposes RESTful APIs for user authentication, route 

management, and administrative operations. Real-time vehicle updates are handled using Spring 

WebSocket, enabling bidirectional com- munication between the server and connected clients. 

C. ETA Prediction Engine 

The ETA prediction engine calculates estimated arrival times using the current vehicle speed, distance to 

the next stop, and historical travel data. The engine dynamically updates predictions when delays or 

traffic variations are detected. 

D. Frontend Layer 

The frontend provides an interactive web interface with real- time maps, route visualization, and 

notification alerts. Users can search routes, track vehicles live, and receive arrival or delay notifications. 

E. Cloud Deployment Layer 

The system is containerized using Docker and deployed on cloud infrastructure such as AWS or 

Azure. This ensures scalability, fault tolerance, and high availability under varying user loads. 

 

IV. IMPLEMENTATION DETAILS 

A. Technology Stack 

The system is developed using the following technologies: 

• Backend: Java 17, Spring Boot, Spring WebSocket, Spring Security 

• Frontend: React, HTML5, CSS, JavaScript 

• Database: MongoDB 

• Security: JWT-based authentication and role-based access control 

• APIs and Services: Google Maps Platform APIs 

• Deployment: Docker and cloud platforms 
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B. Security Mechanisms 

Security is implemented using JSON Web Tokens (JWT) to enable stateless authentication. Role-based 

access control en- sures that only authorized administrators can perform sensitive operations such as 

route modification and system monitoring. 

C. Real-Time Communication 

WebSockets are used to push real-time location and ETA up- dates to connected clients. This approach 

eliminates frequent polling and significantly reduces server load while maintaining low-latency 

communication. 

 

V. EXPERIMENTAL EVALUATION 

The system was evaluated under simulated urban traffic conditions involving multiple vehicles and 

concurrent users. Performance metrics considered include location update la- tency, ETA accuracy, and 

server response time. 

Experimental results indicate that the system delivers real- time updates within a few seconds. ETA 

accuracy improved by approximately 20–30% compared to static schedule-based sys- tems. The 

WebSocket-based architecture demonstrated lower network overhead and improved performance under 

high user load. 

 

VI. RESULTS AND DISCUSSION 

The evaluation results confirm that real-time communication and dynamic ETA prediction significantly 

enhance the reliabil- ity and usability of public transport information systems. The modular Java full-

stack architecture allows easy integration of additional features such as traffic analytics and machine 

learning-based prediction models. 

The system is well-suited for deployment in smart city envi- ronments, benefiting both passengers and 

transport authorities. 

 

VII. CONCLUSION AND FUTURE WORK 

This paper presented a cloud-based real-time public trans- port tracking system developed using a Java 

full-stack archi- tecture. By integrating real-time data acquisition, WebSocket communication, and 

dynamic ETA prediction, the proposed system overcomes the limitations of traditional timetable- based 

transport systems. 

Future work includes incorporating machine learning mod- els for traffic-aware ETA prediction, 

developing mobile appli- cations, and conducting large-scale deployment in real urban environments. 
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